Mistletoe (order: Santalales) refers to a group of perennial flowering plants attached to branches of other trees and shrubs as aerial parasites (Barlow 1987 , Kuijt 1990 ). The name 'mistletoe' derives from the Anglo-Saxon misteltan (or mistiltan); 'mistel' meaning dung, and 'tan' meaning twig. Thus it literally means 'dung-on-a-twig' (Calder 1983) . Taxonomically, the mistletoes constitute a highly specialized and diverse group of angiosperms. They are obligate stem parasites whose dependency ranges from holoparasitic to hemiparasitic, and they are characterized by the development of a haustorium, an absorptive organ that serves as a sort of root, attaching to the host and penetrating its conductive tissues in order to pass nutrients to the parasite.
Diversity
Despite a large number of botanical explorations in Nepal, biologists have made scanty collection of mistletoe specimens. The heterogeneous geomorphology of the Himalayas and the rich floral diversity offers a good habitat for a variety of mistletoe species. In their comprehensive catalogue of Nepalese flowering plants, Hara et al. (1982) mentioned 12 mistletoe species belonging to six genera of Loranthaceae and three species belonging to two genera of Viscaceae. While this number has been confirmed by recent publications (Press et al. 2000 and HMGN 2001) . Devkota and Glatzel (2005) and Devkota and Koirala (2005) have reported four species new to Nepal: Viscum multinerve Hayata, V. loranthi Elmer and V. moniocum Roxb ex DC (family Viscaceae), and Scurrula gracilifolia (Schult.) Danser (family Loranthaceae), extending the list of mistletoe species to 19. Grierson and Long (1983) have reported 15 mistletoe species belonging to Loranthaceae and six species of Viscaceae in Bhutan. Apart from some scattered data (e.g., Zakaullah 1977, Zakaullah and Khan 1982) , no information on mistletoe diversity is available from Western Himalayas. However, over 1300 species have been reported from the world ( Table 1) .
Biogeography
Mistletoe families Loranthaceae and Viscaceae have separate geographic origins and different cytological history (Barlow 1983) . Loranthaceae are older than the Viscaceae; they originated in the mesic, warm to mild, closed forest of Cretaceous Gondwana, dispersing subsequently to Africa, Europe, and North America (Barlow 1983) . The parasitic habit did not arise as a response to water stress but rather due to competition for nutrients in complex ecosystems (Barlow 1983) . The younger Viscaceae, previously considered to have a Laurasian origin in the Tertiary period (Barlow 1983) , are now believed also to have originated in Gondwana (Barlow 1987) . Nearly all mistletoe genera are exclusively tropical or subtropical and only a handful of species are found elsewhere (Kuijt 1969) . The Loranthaceae and Viscaceae are presently distributed widely throughout Europe, the Americas, Africa, Asia, and Australia, ranging from boreal climate to temperate, tropical, and arid zones, and absent only from extremely cold regions (Barlow 1983 , Kuijt 1969 ). The Loranthaceae is distributed primarily in tropical and south temperate habitats; Africa, Indomalaya-Australia, and South America are the major centers of diversity. The Viscaceae are also widespread in the tropics but extend further towards the northern temperate zone (Barlow 1987) .
Host range
Mistletoes are found on a wide range of woody plants, from forest trees, avenue trees, fruit trees and ornamental trees to shrubs, thorny scrubs, euphorbs and cacti. Mistletoes preferentially parasitize trees and shrubs, and their greatest diversity is found in forests and woodlands (Kuijt 1969 , Calder 1983 , Hawksworth 1983 . They prefer disparate hosts in diverse biomes: conifers in boreal forests (Hawksworth 1983, Hawksworth and Wiens 1996) , succulent euphorbs and cacti in the African and South American deserts (Martinez del Rio et al. 1996, Polhill and Wiens 1998) , monocots and bracken ferns (Fineran and Hocking 1983) and orchids (Kuijt and Mulder ARTICLES 1985) in tropics. Many individual mistletoe species are capable of parasitizing a large number of host species ( Table 2) .
Distribution pattern
The distribution of mistletoes in natural plant communities is not uniform, being affected by many local environmental factors. Mistletoes spread mainly along roadsides, riverbanks, in the vicinity of fields and villages, in orchards, on warm slopes and in forests (Zakaullah and Khan 1982 , Xiao and Pu 1988 , Lopez et al. 2002 , Devkota 2003 . Hawksworth (1959) , Ganguly and Kumar (1976) and Zakaullah (1977) reported the highest frequency of mistletoes on ridges; fewer were found on slopes and fewest on the plains. The high density of mistletoe on ridges is due to the presence of ample light intensity (Ganguly and Kumar 1976, Lopez et al. 2002) . Distribution of mistletoes in the Annapurna Conservation Area, is impacted by three major factors: forest structure, site mesoclimate and zoocore dispersal (Devkota 2003) . The distribution of host trees and the behavior of avian visitors seem to be primary factors determining the distribution of mistletoes in Kathmandu Valley (Devkota and Acharya 1996) . Kuijt (1969) concludes that mistletoe distribution depends entirely upon the habits of the birds that disseminate the seeds.
Mistletoe-host interaction
Mistletoes affect host viability by withdrawing essential resources. The parasite competes with its host for water, inorganic nutrients and organic compounds. The extent to which the host is affected depends not only on how much of the resource is diverted by the parasite, but also on the overall supply available to the host (Graves 1995) . Some leafy mistletoe may live for decades in association with their host trees and result in little apparent damage (Schulze and Ehleringer 1984) , while others inflict severe damage.
Mistletoes affect hosts in many ways, including reduced growth, diminished vigor, premature mortality, impaired quality and quantity of wood, reduced fruit set, and heightened susceptibility to attack by other agents such as insects or fungi. When one part of the host is intensively attacked by mistletoe, the reproductive and photosynthetic potential of the part distal to the infestation declines leading to death of the part (Kuijt 1969) . But the extent of damage caused to the host depends on size of the parasite, the growth rate and metabolic activity of the parasite, the degree of dependency on the host for resources, and the stage of development of the host (Hawksworth 1983) . In Australia, however, Race and Stelling (1997) did not find a significant correlation between the health of individual host plants and the number of mistletoe plants afflicting them; they concluded that mistletoe may not necessarily be harmful to its host.
Mineral nutrition
While mistletoes are entirely dependent on their hosts for water and nutrients (Glatzel 1983, Popp and Richter 1998) , they differ greatly in the extent to which they rely on the supply of photosynthetic products from their hosts. The extent to which mistletoes depend on heterotrophic carbon input from the host is one of the most important aspects in the mistletoe nutrition.
Xylem tapping mistletoes are capable of fixing atmospheric carbon dioxide and are therefore partially heterotrophic; others also parasitize phloem of their hosts and are regarded as holoparasites. The latter group lacks chlorophyll or has reduced photosynthetic organs, whereas the xylem parasites are regarded as 'obligate hemiparasitic' as they rely only partially on host-derived carbon (Tsivion 1978) . The xylem tapping mistletoes have a higher transpiration rate than their host, as a mechanism to draw sufficient nutrients from the host xylem sap. Since there is no phloem connection between host and such mistletoes, retranslocation of excess nutrients back to the host cannot occur. As a result, mistletoe tissues accumulate higher concentrations of nutrient elements than those of their hosts (Glatzel 1983 , Devkota 2003 .
Mutualism involving mistletoes and birds
Many bird species are intricately involved in the life cycle of mistletoes especially in pollination and seed dispersal (Kuijt 1969 , Barlow 1983 , Reid 1991 , Ladley and Kelly 1995a . The establishment of the host-mistletoe association cannot be examined without understanding the role of seed-dispersing birds, especially the frugivores. The feeding habits of the birds and the duration of seed retention within their body determine the successful dispersal of the mistletoes.
Old world sunbirds (Nectariniini), Oriental flowerpeckers (Dicaeini) and white-eyes (Zosterops), Australian honeyeaters (Meliphagidae), and neotropical humming birds (Trochilidae) are the most common avian pollinators (Docters van Leeuwen 1954 , Gill and Wolf 1975 , Reid 1986 ). Studies by Ali (1931) and Davidar (1978 Davidar ( , 1983 Davidar ( , 1985 Davidar ( and 1987 in the Oriental region have shown that the sunbirds and the flowerpeckers, when foraging for nectar, probe mistletoe flowers in distinct ways, thus effecting pollination.
Most Loranthacean species have fleshy, animal-dispersed single-seeded fruits (Kuijt 1969, Johri and Bhatnagar 1972) , which are an important source of food for many bird species worldwide (Docters van Leeuwen 1954 , Kuijt 1969 , Reid 1986 , Watson 2001 . Small frugivorous birds that feed largely on the fruits of mistletoes have evolved independently several times in different parts of the world and are the major fruit consumers and most effective dispersers of their fruit (Ali 1931 , Dowsettlemaire 1982 , Davidar 1983 , Liddy 1983 , Godschalk 1985 . For the mistletoes, where germination is entirely dependent on bird dispersal to remove the exocarp, Ladley and Kelly (1996) conclude that while the current population of sunbirds and flowerpeckers does not appear to threaten mistletoes survival, the role of the dispersers needs to be considered when pursuing mistletoes conservation assessment.
Reproduction
Sexual reproduction in a large number of mistletoe species is influenced by birds, which play a significant role in their pollination and dispersal. Most Loranthaceous mistletoes have large, brightly colored, hermaphroditic flowers, which produce abundant nectar and are bird-pollinated (Kuijt 1969) . Ali (1931) concludes that the propagation strategy of mistletoe is so inextricably linked to the behavior of sunbirds and flowerpeckers that they would soon die out altogether in the absence of the birds. Viscaceous mistletoes are pollinated by insects (hymenopterans) or wind (Kuijt 1969) , but birds are also important in seed dispersal. In a large number of Loranthaceae and Viscaceae species the succulent fruit pulp (mesocarp) contains nutrients to attract avian dispersers, and endocarp is viscous in order to cement the seed on host branch. Some Viscaceous genera (Arceuthobium and Korhalsella) are dispersed locally by fruits with explosive mechanisms; however, they may also be dispersed over long distances when the seeds stick to the plumage or pelage of birds and mammals (Barlow 1983) .
ARTICLES
Seed dispersal depends primarily on animals, which are attracted by the colorful fruits or fleshy appendages. Insects are the main pollinators of the Santalaceae, but humming birds also are pollinating agents for two South African genera (Kuijt 1969) . Among the Santalaceae, bird dispersal predominates (Kuijt 1969) , but ants are also important dispersal agents. The pollination biology of the Misodendraceae is less well understood. Single-seeded fruit (achene), with three barbed awn and a sticky disc at the radical end of Misodendraceous mistletoes plants are dispersed by wind.
The misunderstood mistletoes
Several studies in the past have concluded that mistletoes are an important structural and functional component of forests and woodland communities. The common opinion that mistletoes are destructive weeds should be challenged. Due to their parasitic nature, mistletoes have been considered invasive pests, and as a detriment to forest health by policy makers, foresters, forest owners, lay people and even biologists. Mistletoes need to be promoted as indicators of habitat health, rather than agents of destruction; as Ladley and Kelly (1996) and Watson (2001) suggested, they should be "considered a keystone resource in woodlands and forests, having a disproportionate influence on the distribution patterns of animals." Besides having profound consequences for those species associated with their hosts, mistletoe infection can also have a strong impact on the larger communities in which it occurs by (for instance) altering forest structure and composition (Geils and Hawksworth 2002) .
Compared to those of the New World, Old World mistletoes are under-represented in the mistletoe literature despite their dominating presence in highly diverse ecosystems from tropics to temperate. The role of mistletoes in the biodiversity of the Himalayas is unexplored, and it is unknown how mistletoes affect biodiversity. There is very little information available on the mistletoes of the Nepal Himalaya; most reports come from the Western Himalayas of India and Pakistan, and a few from the Southern parts of India (Ali 1936 , Davidar 1978 .
Potential threats to mistletoes of Nepal Himalayas
The broad-leaved forests of the temperate region (2000-3000 masl) constitute the most suitable habitat for mistletoes in Nepal (Devkota 2003 ). Nepal's forests, unfortunately, are facing severe stress due to increasing demand for agricultural land, timber, fuelwood and fodder, and to encroachment of settlements on forest areas. The most critical threat to biodiversity is habitat destruction (HMGN/MFSC 2002) . Deforestation and land degradation are serious problems in Nepal and major threats to the natural populations of mistletoes. Other threats include depredation by insects and fungal disease; vegetation succession; pressure on bird species that serve as mistletoe pollinators and disseminators; collection of mistletoe for fodder during the flowering and fruiting seasons; and, in general, human negligence of a group of plants incorrectly identified as pests.
Management requirements
Despite their parasitic nature, the mistletoes play important roles in natural ecosystems. Regardless of the National Biodiversity Strategy (HMGN/MFSC 2002), policy makers of Nepal have failed to recognize the importance of mistletoes in biodiversity conservation. As an initial step, we need a nationwide study of the current status of mistletoe, including identification of the host range of individual mistletoe species. The government of Nepal should take the initiative in designing and implementing an action plan to protect mistletoes; Tribhuvan University, IUCN, ICIMOD, and WWF Nepal, should be involved as well. Mistletoe conservation can be initiated by adopting the following measures:
Immediate protection measures
• Conduct mistletoe inventories throughout the country, especially in all protected areas, with a view to conservation management and identify the potential mistletoe habitats, • Restore and reforest potential habitats especially in broadleaf forests at middle elevation, • Impose strict rules against fodder collection and tree felling in potential habitats, • Stop agricultural expansion and grazing in and around potential habitats.
Long term conservation action plan
• Develop a long-term mistletoe conservation plan for Nepal, • Continue to monitor mistletoe population in their potential habitats; establish and maintain a mistletoe database of Nepal, • Control human induced disturbance, set the forest resources for natural regeneration and discourage the use and introduction of alien species, • Control pests affecting mistletoes. Barney et al. (1998) 
